Malignant lymphoma (ML) is a rapidly increasing malignancy in developed countries, [1] [2] [3] including Japan, where the age-standardized incidence rates were 8.2 for males and 5.0 for females in 1993, as opposed to 5.7 and 3.0, respectively in 1975. 4) The increasing trend suggests possible involvement of environmental factors in lymphomagenesis, in line with descriptive epidemiological observations that mortality from non-Hodgkin's lymphomas among persons who migrate and in subsequent generations more closely resembles that in the host country than that in the country of origin. 5) Many epidemiological studies have been conducted mainly in Western countries to assess the relationship between ML susceptibility and various environmental influences, including pesticides, 6) occupations, [7] [8] [9] viruses (human immunodeficiency virus (HIV), human T-cell leukemia virus (HTLV-1), 10) and others), Helicobacter pylori infection, 11) blood transfusion, 12) primary 13) or secondary 14) immunodeficiency, radiation, 15) smoking, 16, 17) diet (animal protein, [18] [19] [20] [21] milk, 22) fruits and vegetables, 23, 24) and fat 20) ) and other miscellaneous factors. In Japanese, epidemiological studies concerning ML have been mainly concentrated on HTLV-I related factors because of the extremely high incidence of HTLV-I infection and adult T-cell leukemia/ lymphoma in some areas. 10) Concerning dietary factors, only eleven epidemiological studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] have been conducted previously across the world, and no information has been published for Japanese to our knowledge. Similarly, evidence is lacking for the influence, if any, of alcohol and smoking status.
To evaluate possible associations between these lifestyle factors and ML susceptibility, we therefore conducted a hospital-based case-control study using data from the Hospital Epidemiological Research Program at Aichi Cancer Center (HERPACC).
MATERIALS AND METHODS
Study subjects General characteristics of the study population and the data collection procedures were as described elsewhere. [29] [30] [31] Briefly, a self-administered questionnaire about lifestyle factors has been given routinely to firstvisit outpatient adults at the Aichi Cancer Center Hospital, Nagoya since 1988. An expert interviewer checks all written responses at the time of collection within the first-visit day after medical examinations. The questionnaire includes questions on demographics, past medical history, family history, smoking and drinking habits, general health condition, reproduction, and beverage and food intake. The present study is based on data for individuals who completed questionnaires between January 1988 and December 1997.
During the study, questionnaires were handed out to 67 854 (91.3%) first-visit outpatients (n=74 280). Of this total, the number of respondents was 66 885 (98.6%). Among these, 10 981 were diagnosed as having cancer and registered with the hospital cancer-registry system of Aichi Cancer Center Hospital. The number of non-cancer patients was 55 904. From all cancer patients, 333 cases diagnosed histologically as having primary malignant lymphomas at Aichi Cancer Center were selected as cases by identification via the hospital cancer registry system using the ICD-10 code (C81-85). Cancer cases with multiple organ involvement were excluded. The non-cancer outpatients were all employed as controls. Matching was not conducted to avoid reduction of statistical power. 32) Age and sex distribution for the two groups are shown in Table I . Lifestyle factors Lifestyle factors examined included smoking, alcohol drinking, habitual physical exercise, and specific dietary items. Smoking status was categorized into three (current smoker, former smoker, and never smoker). Ever-smoker included current and former smokers. Former smokers were defined as persons who had quit smoking at least 1 year previously. Drinking status was also categorized into three (current, former, and never drinker). Former drinkers were defined as persons who had quit drinking at least 1 year previously. Consumption of each type of alcoholic beverage (Japanese sake, beer, shochu and whiskey) was determined as the average number of drinks per day, converted into Japanese sake (rice wine) equivalents. One drink equates to one "gou" (180 ml) of sake, one regular bottle (633 ml) of beer or two shots (57 ml) of whisky. One drink of "shochu" (distilled spirit) containing 25% ethanol was rated as 108 ml. Wine was not included in the present questionnaire because of its relatively limited consumption by Japanese. Total amount of alcohol consumed (ml/day) was estimated as the summarized amounts of Japanese sake, beer, shochu, and whiskey among current and former drinkers.
Dietary factors were analyzed in terms of 11 dietary habits and consumption frequency of three beverages and 23 food items. Dietary items were divided into four or five groups according to the frequency of consumption before the onset of current symptoms or the interview in the questionnaire and these were further divided into two subgroups for analyses. Details of preferences for salty and greasy food were included in general dietary habits. Statistical analyses The effect of each lifestyle factor was assessed in terms of the odds ratio (OR). All ORs and 95% confidence intervals (CIs) were adjusted for sex and age as a continuous variable, instead of age-sex matching, using an unconditional logistic regression model. The ORs concerning each lifestyle factor were estimated for all subjects except those for whom that information was lacking, and for the subjects divided by sex. All statistical analyses were performed using STATA version 7 software (STATA Corporation, Inc., College Station, TX). Table I , cases were slightly older than controls. Males were dominant in cases and females in controls.
RESULTS

As shown in
Significantly increased ORs were observed for former smokers, but not for current smokers (Table II) . The relatively small number of cases in this group (22 out of 333 cases) might have given an unstable risk estimation. The OR for ever-smokers relative to never smokers pointed to a slightly increased risk, but without statistical significance. Number of cigarettes per day in current smokers was without obvious influence.
Current drinking was associated with decreased risk of malignant lymphoma for all subjects (Table II) , the agesex-adjusted OR relative to never drinkers being 0.67 (0.25-0.85). The same trend was observed when the analysis was conducted according to sex. Drinking amount for current drinkers compared with never drinkers did not differ with a cut-off of 1.5 drinks per day, with reduced risk above and below this level. For former drinkers, similar analyses were conducted but the small number of cases in this category made stable estimation difficult. Table III shows the age-sex-adjusted ORs for dietary factors with the subject distribution for each. Preference for salty and greasy foods was not associated with risk. Frequent consumption of raw vegetables, green vegetables, carrot, cabbage, lettuce, potato, and fruits also did not change the risk, whereas a significant reduction of risk for all subjects was evident for pumpkin. Focusing on females, carrots also showed a risk reduction. Various types of meat except pork, and milk consumption were not linked to increased or decreased ORs. For pork consumption, statistically significantly increased ORs were observed for overall and male analyses, and the OR for females showed a similar trend. Fish demonstrated a reduced OR limited to females. The ORs for soybean product as well as Japanese tea, coffee, and black tea did not point to any change in risk.
DISCUSSION
The present hospital-based case-control study demonstrated a statistically significantly decreased risk of ML with habitual alcohol consumption on overall analysis, while smoking was without clear influence. Salty and a) Age-adjustment for the analysis according to sex, and age-sex-adjustment for the combined analysis. Subjects classified as 'Unknown' were excluded from the analyses. b) Former smokers were defined as subjects who had quit smoking at least 1 year previously. c) Former drinkers were defined as the subjects who had quit drinking at least 1 year previously. One drink indicates one "gou" of Japanese sake which contains 27 ml of ethanol. d) NE indicates not estimated, because no cases are in this group. a) All ORs were adjusted for age. Sex is additionally adjusted in overall analyses. The subjects who were classified as 'Unknown' for each evaluated factor were excluded from analyses of the factor. b) Subjects before 1990 were categorized into the 'Unknown' group because information on Japanese tea, coffee, and tea consumption was only collected from this time point.
greasy food preferences were also not associated with risk, while only pumpkin consumption, among vegetable and fruit, showed a significantly reduced risk. Consumption of pork, but not other animal proteins (beef, chicken, milk, and egg) was associated with elevation and fish consumption with reduction in risk, the latter only in females.
The decrease with alcohol consumption observed overall as well as for each sex is of particular interest, since the data in the literature are equivocal. The first hospital-based case-control study conducted in northern Italy evaluated alcohol consumption according to the beverage type, and found no relation. 21) Similarly, no association was seen in two studies, 25, 33) but most of the other studies did not evaluate alcohol consumption. A recent population-based casecontrol study conducted in the United States (US) pointed to a significant risk reduction with alcohol consumption among women and a similar but non-significant trend among men. 34) Although there is controversy about alcohol and ML risk, several cohort studies conducted in Asian countries have revealed decreased incidences of cancer in moderate alcohol consumers. 35, 36) Possible underlying mechanisms for this preventive effect remain unclear and the existence of unknown confounders could not be ruled out, but further evaluations by epidemiological or biological studies are clearly warranted.
Concerning smoking, there have been several reports of a positive association with lymphoma risk, 16, 17, 25, 27, 34, [37] [38] [39] [40] but most population-based case-control or cohort studies have consistently shown no association except for the first report by Brown et al. from the US. 16) Our observations are thus in line with the literature.
Cunningham found a positive correlation between ML and protein consumption, 18) and an animal experiment yielded a high incidence of ML only among rats fed a high protein diet. 41) Several epidemiological studies have shown a high risk with high animal protein, [19] [20] [21] [22] 25) especially of bovine origin, but conflicting results have also been reported. 23) A hypothetical mechanism for animal protein lymphomagenesis is chronic antigenic stimulation through protein absorption via the gastrointestinal epithelium that might act in concert with other factors such as viruses or genetic susceptibility. 18) A nested case-control study conducted in US showed a higher risk of lymphatic system malignancies among workers in the meat industry, and some relation to exposure to animal protein was suggested.
42) The significance of an association with pork consumption is therefore not clear.
Studies concerning vegetable consumption have mostly given inconsistent results and the magnitudes of effects were not large. For example, Zhang et al. reported a possible risk reduction for frequent consumers of vegetables and fruits 24) although the statistical significance was marginal (OR 0.62; 0.38-1.02). They analyzed specific nutrients (e.g., carotene, lycopene, fiber, and vitamins) but only fiber showed the risk change. The same research group analyzed vitamin supplement use in another study and found no apparent association.
28) The validity of the reduced risk observed here for pumpkin and to a certain extent carrot remains to be confirmed.
It is necessary that the background of this hospitalbased case-control study program, HERPACC, be described. Because the cases and controls were selected from the same source population of first-visit outpatients, this study is internally valid and the representativeness of the subjects has already been described elsewhere. 30) Improbability of selection bias in HERPACC has been argued in detail.
31) The limitation of the present study was that the number of cases compared to controls was too small to ensure comparability. Although it is true that efficiency does not increase above a control:case ratio of 4:1 given a fixed number of cases, a higher control:case ratio certainly does not hurt efficiency, and may lead to a marginal improvement. Thus, we saw no reason not to include the entire control group in the analysis in spite of selecting a random sample. The methodological issue of using all available non-cancer individuals as a control group has already been discussed elsewhere. 32) Although this study was thus methodologically validated, careful interpretation is necessary in extrapolation of our results to the general Japanese population. ML requires specific experience for histological diagnosis and treatment because of the complex sub-classification depending on clinicopathological features, and the possibility that cases had been selected before visiting the hospital could not be completely ruled out. In addition, the fact that the influence of other factors, such as dietary fat, 43) was not examined in this study must be taken into consideration.
Considering recent developments in molecular epidemiology, future studies in this field could expand to cover genetic background and its interactions with environmental factors. Based on the results obtained in the present study, the influence of environmental factors in lymphomagenesis seems to be limited. As we previously suggested in connection with the association between ML susceptibility and folate/methionine metabolizing enzyme polymorphisms, 44) a certain genetic background could predispose to the occurrence of ML. Further epidemiological studies should cover genetic aspects as well as environmental exposures.
In conclusion, our data showed possible benefit of alcohol consumption regarding risk of malignant lymphoma among Japanese, whereas no link was evident with smoking. Some dietary factors including vegetables (carrot and pumpkin), pork and fish showed partial associations in our series but their pathogenic significance needs further clarification. While there remains controversy regarding the relevance of lifestyle factors to lymphomagenesis, our data provide a basis for further investigations.
